ABSTRACT OBJECTIVE: Our aim was to assess cognitive dysfunction, which is common in hemodialysis patients and difficult to diagnose, by an easily applicable test, the Mini Mental State Examination and Clock Drawing Test.
INTRODUCTION
Cognitive dysfunction is more common in patients with Chronic Renal Failure (CRF) compared to the healthy population due to uremic toxins, increased oxidative stress, anemia, and vascular pathologies. Deterioration in cognitive function may affect the patient's morbidity and mortality due to the need for diet restrictions, multiple-drug use with a narrow therapeutic index, and the need for self-monitoring of blood glucose, that may not be achieved in cognitively impaired patients, in the majority of patients (1) . It has been reported that the prevalence of cognitive dysfunction is between 30-60% in end-stage renal disease (ESRD) patients. Cognitive dysfunction increases at each stage of CRF compared to the normal population and becomes more severe with the progress of disease stage (2) . Despite the incidence of cognitive dysfunction in CRF patients, and its negative effects on morbidity and mortality, it might be ignored in this patient group due to other major pathologies. A very small portion of these patients are diagnosed with cognitive dysfunction and receive treatment. The screening of dementia is evaluated with various neurophysiological tests and among them Mini-Mental State Examination (MMSE) and clock drawing test (CDT) are most commonly used (2,3).
When screening of dementia is evaluated by MMSE and CDT together, the sensitivity and specificity of the diagnosis increases (4).
Contribution of anemia to cognitive dysfunction is not clear in this patient group due to several factors in the etiopathogenesis. Although there are studies that have reported the positive effects of erythropoetin (EPO) treatment, some studies reported no efficacy (5, 6, 7) . Patients that receive replacement treatment with the diagnosis of ESRD must be closely monitored in terms of cognitive functions along with the accompanying medical pathologies. In our study, our aim was to assess cognitive function of patients that receive hemodialysis treatment by means of easily-applicable MMSE and CDT and to assess the effect of EPO treatment on cognitive functions.
MATERIAL and METHODS
Two hundred and sixty six (266, 88.37%)dialysis patients without dementia symptoms who were followed-up at the Nephrology Clinic of Bursa Specialty Training and Research Hospital and private dialysis centers, and 35 (11.63%) healthy controls were included in our study. Patients were divided into 2 groups based on whether they received erythropoietin or not during the last 3 months. Urea, Kt/V (dialysis efficiency), creatinine, albumin, iron, hemoglobin, calcium, phosphorus, and parathormone values of the patients were recorded.
Patients were evaluated by a neurologist, and the MMSE and CDT tests were applied. MMSE and CDT scores of patients and biochemical parameters were compared with the control group. MMSE has been grouped under 5 main titles; orientation, registration memory, attention and calculation, recall, and language. It consists of 11 articles that are assessed over a total score of 30. Conventionally, scores between 24 and 30 are considered normal. Since it is a practical scale that can be applied in a short time, it is commonly used for screening of dementia. Turkish validity and reliability studies of the form that is used by trained individuals have been conducted by Güngen et al. (8) . CDT is a scale used to evaluate many different cognitive functions such as visual spatial functions, executive functions, memory and attention. Sensitivity and specificity of CDT were found to be 85% and 85% respectively in screening of cognitive impairment and correlated with MMSE test for early detection of cognitive functions (9).
Cangöz et al. (10) conducted a standardization study on people above the age of 50 in our country. The participants were asked to draw a clock, write the numbers on the drawing in their correct places, and draw the time as ten past eleven (11:10). The four points method (0-4 points) was preferred in the scoring of CDT. In the four points method, the scoring was made as follows: A circle/square/rectangle drawn as an enclosed space =1 Point, Placement of numbers in their right locations and positions =1 Point, Inclusion of all 12 numbers (completeness) =1 Point, Placement of hour and minute hands in their right positions (11:10) =1 Point. The highest point was 4, and the lowest was 0. Patients with a history of stroke, diagnosed with psychosis or severe depression not included in to the study Education levels of patients grouped as primary school, secondary school and higher education. Illiterate patients and controls not included.
All participants signed an informed consent. The study was approved by the local ethics committee in Bursa Specialty Training and Research Hospital and was conducted in accordance with the Declaration of Helsinki.
RESULTS
There was no difference between patient and control groups in terms of age and gender. Mean MMSE score was 29 (minmax=26-30), and 27 (min-max=10-30) in the control and hemodialysis group respectively (p <0,001).
A significant impairment was observed in all assessments of CDT as well as the total score in the hemodialysis group as compared to the control group (p <0,001). MMSE total score, and orientation, language, and attention and calculation scores were significantly low in the hemodialysis group as compared to control group (Table I) .
Positively significant correlations were between total hours and calcium values (r=0.217; p=0.023), orientation score and creatinine (r=0.379; p=0.023), registration memory score and albumin (r=0.229; p=0.016), language score and creatinine (r=0.261; p=0.005) as well as language score and iron level (r=0.198; p=0.035). There were negatively significant When those with and without erythropoietin intake in the dialysis group were compared, there was no significant difference in terms of total MMSE score and sub-scores (Table III) . 
DISCUSSION
In our study, significant impairment was observed in all assessments of CDT as well as the total score in the dialysis group compared to the control group. MMSE total score, and orientation, language, and attention and calculation scores were significantly low in the hemodialysis group compared to control group. In a study conducted by Sehgal et al. (11) , the MMSE test was applied to 336 dialysis patients and mild cognitive impairment was observed in 22% (MMSE18-23), and moderate and severe cognitive impairment was observed in 8% of the patients.
In a study performed on 374 hemodialysis patient to examine memory, executive function and language, mild, moderate, and severe cognitive dysfunction were observed in 13.9%, 36.1%, and 37.3% of the patients, respectively. Normal cognitive function was observed in only 12.7% of patients, and a documented dementia history existed in only 2.9% of these patients. Correlation was found between the severity of cognitive dysfunction, and level of education, Kt/V ratio, and stroke history (12) .
None of our patients has been diagnosed with dementia. Mean MMSE score was 26, and total was between 10 and 30.
Cognitive dysfunction was found to be correlated with the severity of renal failure not only in ESRD patients but also in patients who do not receive dialysis treatment. Such findings may support the hypothesis that uremic toxins have a role in the etiology and generally correlated with urea (13, 14) . However this is somewhat different in hemodialysis patients. In hemodialysis patients, malnutrition is characterized by low creatinine, low urea and low albumin (15) . In our study positive correlation of albumin and creatinine with memory tests may support the observation that good nutritional status of patients may have positive effect on cognitive functions. Many studies have shown that CKD patients, especially ESRD patients are at increased risk of cognitive dysfunction and our results were consistent with this finding that some patients suffering from probable dementia.
Rogova et al. (16) have reported that cognitive dysfunction is more common in patients with advanced stage renal failure. A correlation has been shown between MMSE scores and the severity of renal failure. In the brain magnetic resonance (MR) of patients with cognitive dysfunction, focal changes, locariosis and lateral ventricular dilatation in 30%, 23.3%, and 50% of the patients respectively have been reported. Imaging studies make us think that cerebrovascular disease underlies the major factor for cognitive dysfunction in CRF.
Negatively significant correlations were found in our study between the registration memory score and urea as well as the recall score and urea. Small molecular weight toxins like urea may penetrate the blood-brain barrier and may cause cognitive impairment. The fact that transplantation reverses cognitive impairment constitutes strong evidence for the adverse effects of uremic toxins (17) . Although hemodialysis clears many small solutes like urea and creatinine, large molecules cannot be cleared adequately by conventional hemodialysis. Large and middle weight molecules may contribute to cognitive impairment in these patients. Griva et al. (17) showed that cognitive functions as assessed by attention-concentration, psychomotor and memory ability improved significantly at the sixth month after successful transplantation. This data may explain reversibility of cognitive impairment which is prevalent in the dialysis population. Along with the MMSE test, we used the CDT which was not used in dialysis patients, yet has a high level of applicability and reliability, in our study.
In the study conducted by Fomin et al. (18) , cognitive dysfunction was observed in 68% of 51 patients. Cognitive dysfunction and male gender, hyperhomocysteinaemia, anemia, abdominal obesity, left ventricular hypertrophy, and age were found to be associated. Such findings give rise to the thought that CV effects of the uremic toxins are parallel to the effects on cognitive function. Cognitive functions might be impaired by vascular damage or associated with the direct effects of uremic toxins. Frequency and severity of cognitive dysfunction have been found to be associated with atherosclerotic lesions in the carotid artery (19) .
Several studies have suggested that increased in hematocrit after EPO results in improved cognitive function in CRF, However negative effects of EPO treatment on CV outcome is a well known fact. For that reason, these results need to be interpreted with caution (20, 21) .
In our study, when those with and without EPO treatment were compared in the dialysis group, there was no significant difference between total MMSE score and sub-scores, and total hours.
In conclusion, the fact that MMSE and CDT revealed significantly lower performance in hemodialysis group as compared to the control group. Both tests can be applied together in the hemodialysis population. Cognitive performances of hemodialysis patients must be closely monitored. Similar cognitive performances between patients with and without EPO treatment suggested that EPO did not contribute to the cognitive processes.
